UNCLASSIFIED 
AD  NUMBER 


AD355398 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

secret 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  DoD  and  DoD 
contractors  only;  Foreign  Government 
Information;  16  DEC  1963.  Other  requests 
shall  be  referred  to  British  Embassy^  3100 
Massachusetts  Avenue,  NW,  Washington,  DC 
20008. 


_ AUTHORITY _ 

DSTL,  WO  189/398,  30  May  2008;  DSTL,  WO 
189/398,  30  May  2008 


THIS  PAGE  IS  UNCLASSIEIED 


SECRET 


AD  3  5  5  3  9  8L 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


SECRET 


NOTICE;  When  govensnent  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
govemoent  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  eusy 
obligation  idiatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  foznalated,  furnished,  or  In  any  way 
supplied  the  sed.d  drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  pennlsslon  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


NOTICE! 

THIS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESPIONAGE  LAWS,  TITLE  l8, 
U.S.C.,  SECTIONS  793  and  79*+.  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PROHIBITED 


BY  LAW. 


CATAL06ED  BY 


-J 


P.T.P. 

00 

CO 

AO 

AO 

00 


GO 

-<c 


1  Ywr 

nj  u  . 
5frij  • 
'a  C' ■  ■  I 

i.  1  Hf 

^  M  -  I  1  '  , 
>•.  IN  I . :  ’ 


SKCHKI 


881 


P.T.P.  881 


Copy 


PORTON  TECHNICAL  PAPER  No.  881 


^  '  *  w  o  -  j-  .  "  .C  ‘  A  -  i.  Z,' ft  .'•‘f, .  ..  ■>',» 

•r  '  ^  v‘  •  ■. :  v».  ^  -..Vr 

f  C  4  T  '  ■  * 

^  *  .  r. 


A  BIOCHEMICAL  AND  TOXICOLOGICAL 
COMPARISON  OF  T.2635  AND  MORPHINE. 


BY 

» 


»'  i 
■  I  .  ' 


L.  LEADBEATER. 


CHEMICAL  DEFENCE  EXPERIMENTAL  ESTABLISHMENT 

Porlon  Down,  Salisbury,  Wilts.  Q  P  C 


fi 


DECS  1964 


muk  D 


■  ‘ } 

c 


I  i 


SECRET 


SECBET 


PORTON  TECHNICAL  PAPER  NO.  881 

copy  NO.  7  8 

DATE;  l6th  Deoanber,  1963# 


A  BIOCHEMICAL  AMD  TOXICOLOGICAL  COMPARISON  OP 
T2636  AMD  MORPHIHE 

by 

L.  LEADBEATER 
SUMMARy 

1.  After  the  repeated  administration  of  T2636  to  rats  the  animals  became 
tolerant  to  its  toxic  effects  and  to  those  of  morphine.  Similarly, 
mozphine  tolerant  rats  were  found  to  be  tolerant  to  T2636. 

2.  The  in  vitro  N-demethylation  of  both  compounds  by  the  liver  microsomal 
enzymes  was  depressed  in  preparations  from  both  T2636  and  morphine  tolerant 
rats* 

3.  After  withdrawal  of  T2636  from  tolerant  rats  the  phannacologioal  res¬ 
ponse  of  the  animals  to  the  drug  and  the  liver  mioroscmial  N-demethylating 
activity  returned  to  normal  within  25  days. 

4.  N-allyl  nozmorphine,  ein  antagonist  of  the  pharmacological  actions  of 
both  T2636  and  morphine,  inhibited  the  N-demethylation  of  both  compounds. 

5.  It  is  concluded  that  T2636  produces  its  biochemical  and  pharmacological 
effects  by  a  similar  mechanism  to  morphine. 


(Sgd.)  D.R.  Davies, 
Head,  Biochemistry  Section, 
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A  BIOCHEMICAL  AND  TOXICOLOGICAL  CCftlPARISON  OP 
T2636  AND  MORPHINE 

by 

L.  LEADBSATER 


INTRODUCTION 

The  chemical  structure  r.nd  phamacologioal  activity  of  T2636,  6:14- 
endoetheno-7-(  1  -hydroxy-1  -oyclohe:ylethyl )  tetrahydro-oripavine ,  are 
similar  to  those  of  morphine  (1).  The  present  investigation  was  undertaken 
to  ascertain  whether  the  biochemical  activities  of  the  two  compounds  are 
similar  and  whether  T2636  produced  its  phaxmaoologioal  effects  in  the  same 
way  as  morphine. 


Hoiphine  is  N-demethylated  in  vitro  by  liver  miorosomal  enzymes,  in  the 
presence  of  NAIS’H2  and  oxygen,  to  give  nomorphine  and  fomaldehyde  (2,3). 
Although  this  reaction  has  only  recently  been  shown  to  occur  in  vivo  (4,5)  it 
has  Important  phamaoologioal  implications  because  it  may  be  related  to  the 
mechanism  of  action  of  morphine  (6)  and  to  the  development  of  tolerance  to 
the  drug  (7)*  The  following  similarities  have  been  obseived  between  the 
CNS  receptors  of  the  morphine -narcotics  (i.e.  those  sites  in  the  CNS  with 
which  they  interact  to  produce  their  pharmacological  effects)  and  the  mioro¬ 
somal  enzymes  which  metabolise  them:- 

(a)  All  the  pharmacologically  active  morphine-like  compoundo  are 
metabolised  by  the  liver  microsomal  enzymes  (2,7). 

(b)  The  depression  of  the  pharmacological  response  in  the  development 
of  tolerance  to  a  morphine -narcotic  and  its  recovery  ci’ter  the 


^NADPHp  in  the  reduced  form  of  Nicotine  Adenine  Dinuoleotide  Phosphate  and 
NADP  is  the  oxidised  fom.  This  compound  was  formerly  known  as  Co-enzymo  II 
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withdrawal  of  the  drug  is  acccsnpanied  by  a  depression  and 
recovery  of  the  N-denethylating  activity  of  the  liver  mioro- 
scanal  ensymes  (7«8,9)« 

(o)  The  development  of  tolerance  to  a  morphine -narcotic  is  accom¬ 
panied  by  the  development  of  tolerance  to  related  drugs  and 
the  depression  of  the  liver  enzymic  activity,  similarly,  extends 
to  the  N-demethylation  of  related  drugs  (TilO). 

(d)  There  is  a  parallel  antagonism  of  the  pharmacological  activity 
and  the  microsomal  demetl^lation  of  the  morphine-narcotics  by 
N-allyl  normorphine  (Nalorphine )  ( 1 1 ) . 

The  work  summarised  above  suggests  that  if  T2636  acts  in  a  similar  way 
to  morphine  then:- 

(1)  T2636  shovild  have  a  pharmacological  activity  similar  to  that  of 
morphine  and  should  be  N-demethylated  by  liver  microsomal  enzymes 
in  vitro» 

(2)  Chronic  administration  of  T2636  should  depress  the  pharmacological 
activity  and  the  microsomal  N-demethylation  of  both  T2636  and 
morphine* 

(3)  Withdrawal  of  T2636  from  tolerant  animals  should  result  in  the 
recovery  of  pharmacological  response  to  the  drug  and  of  microsomal 
N-demethylating  aotivity* 

(4)  Nalorphine  should  inhibit  the  N-demethylation  of  T2636  by  normal 
liver  microsomal  preparations. 

The  experiments  described  in  this  paper  were  designed  to  test  this 
hypothesis  and  the  results  which  have  been  obtained  confirmed  it* 

METHODS 

Morphine  hydrochloride  and  N-allyl  normorphine  hydrobromide  were  mads 
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up  In  aqueous  solution  to  the  appropriate  oonoentratlons.  The  moz^phine  was 
injected  as  the  hydroohloride  but  the  results  have  been  reported  in  terms  of 
the  free  base* 

T2636  was  supplied  as  the  hydrochloride  which  is  sparingly  soluble  in 
water  but  very  soluble  in  methanol.  ?or  the  injections  a  1  mg/ml  solution 
was  mads  up  in  20^  aqueous  methanol  and  suitably  diluted  with  water.  Since 
methanol  is  converted  to  formaldehyde  by  liver  miorosomal  preparations,  the 
T2636  solutions  for  the  in  vitro  studies  was  made  up  in  alkaline  propylene 
glyool  (0.01  m  Na(H  in  aqueous  propylene  glycol). 

Control  animals  were  injected  with  isotonic  saline,  1  al/kg. 

Animals 

Adult  male  alkino  rats  of  the  Porton  Strain  wore  used  in  all  the 
experiments.  All  animals,  including  the  controls,  were  used  only  once. 

Phanoacologioal  Testing 

(1)  Tall  Clip  Test 

A  large  crocodile  clip,  with  polythene  covered  Jaws,  was  placed 
about  3  ora  from  the  base  of  the  rat's  tail.  A  positive  reaction  was 
a  definite  attack  on  the  clip  v/ithin  20  seconds  of  its  application* 

If  the  animals  did  not  respond  \dthln  this  time  the  clip  was  removed* 

(2)  Shook  Avoidance  Test 

The  apparatus  consisted  of  a  box  which  was  divided  into  two 
1  ft  X  1  ft  compartments,  with  an  aperture  in  the  partition  to  allow 
access  from  one  compartment  to  the  other*  The  base  of  the  cage  \ras 
made  of  parallel  brass  rods  through  VThich  an  electric  shock  could  be 
applied  to  the  rat  through  its  feet,  in  either  of  the  compartments*  • 
!nie  stimulus  used  \/as  a  43  volt  pulse  of  10  msec,  duration  at  a  fre- 
quonoy  of  30  pulses  per  second.  The  test  procedure  was  to  place  the 
rat  in  one  compartment  and  measure  the  time  taken  for  the  rat  to  find 
the  hole  and  pass  to  the  unstimulated  side  of  the  apparatus.  The 
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maximum  period  of  the  stimulation  was  ^0  seconds*  Each  animal  was 
given  a  series  of  six  successive  stimuli ,  with  a  45  second  pause 
between  each  stimulus,  and  the  mean  time  to  respond  was  determined* 

The  animals  were  trained  to  respond  to  the  test  and  most  learned  very 
quiokly  so  that  after  three  or  fovuc*  tests,  given  on  successive  days, 
the  mean  time  to  respond  was  less  than  5  seconds.  This  quick  response 
was  retained  over  several  weeks,  provided  the  rats  were  tested  in  the 
apparatus  every  4-5  days.  The  results  were  more  consistent  if  the 
feet  of  the  rats  were  bathed  in  saline  just  before  the  test* 

Biochemical  Methods 

A  combined  microsome  plus  soluble  fir-otion  was  prepared  from  a  Potter- 
Elvehjem  homogenate  of  rat  liver  and  its  enzymic  activity  determined  as 
described  in  an  earlier  paper  (12).  The  N-demethylation  of  morphine  and 
T2636  was  detezmined  by  measuring  the  rate  of  release  of  formaldehyde  which 
was  assayed  oolorimetrioally  as  diacetyldihydrolutidene  (13)*  The  metabolism 
of  T26}6  was  also  measured  by  estimating  the  appearance  •'f  the  secondary 
amine,  N-dsmethylated  T2636,  by  a  modification  of  the  method  of  Unbreit  (14) 
which  is  specific  for  secondary  amines  in  the  presence  of  tertiary  and 
primary  amines* 

Significance  Calculations 

The  significance  of  the  data  was  determined  by  the  "Student"  T  test  (15)* 
RESULTS 


The  N»»demethylation  of  T2636  by  Liver  Microsome s 

The  rates  of  N-demethylation  of  T2636  by  two  preparations  of  liver 
mlorosomes  was  determined  in  two  different  v^ays:  the  release  of  formaldehyde 
and  the  formation  of  secondary  astines*  The  values  for  the  formaldehyde 
estimations  were  1*32  and  1*39  praole/g/hr  and  the  corresponding  data  for  the 
secondary  amine  determinations  were  1.28  and  1*31  )ffiiole/g/hr.  The  two 
determinations  for  each  preparation  were  the  same,  within  the  limits  of  the 
experimental  error. 
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The  N-Demethylatlng  Aotlvity  of  Liver  MloroBonea  from  Mondilae  lelerant  Rats 

Rats  were  made  tolerant  to  morphine  by  injecting  10  ng/fcg,(s.o. )  daily 
for  22-24  days.  The  dewelopment  of  tolerance  was  followed  hy  aeasuring  the 
change  in  analgesic  response  to  the  drug,  using  the  Tail  Clip  Test.  It  is 
clear  from  Table  I  that  the  rats  had  become  markedly  tolerant  to  morphine 
after  21  days.  The  N-demethylatlon  of  both  morphine  and  T2636  was  depres¬ 
sed  in  mlcrosomes  prepared  from  the  llTcrs  of  these  rats  although  the  depres¬ 
sion  of  morphine  demethylation  (6^)  vr&a  greater  than  that  of  T2636 

This  experiment  involved  the  preparation  of  13  lots  of  liver  mioroscaes 
and  the  asday  of  both  the  morphine  and  T2636  N-demethylating  activity  of 
each  preparation.  This  was  impossible  to  cany  out  in  one  day  and  therefore 
the  microsomal  preparations  were  frozen  and  stored  at  -40°C  for  three  to 
five  days  before  their  enzymic  activity  was  determined.  This  method  of 
storage  may  result  in  up  to  loss  of  activity  (l2)  but  control  and 
experimental  preparations  ware  assayed  in  parallel  over  the  three  days  and 
the  N-demethylating  activity  of  the  preparations  stored  for  5  ^ys  had  the 
same  range  of  values  as  those  stored  for  3  days. 

The  Cross-Toleranoe  of  Morphine  and  T2636 

In  this  series  of  experiments  the  pharmacological  response  of  the  rats 
was  measured  by  the  Shock  Avoidance  Test  since  it  was  thought  that  this 
teohnlque  would  demonstrate  the  development  of  a  small  degree  of  tolerance 
more  clearly  than  the  Tall  Clip  Test.  Six  rats  were  injected  with  morphine 
according  to  the  follovflng  schedule:-  days  1  and  2-20  mg/kg;  da^3  and  4 

-  40  mg/kgj  days  5  and  6-60  mg/kg;  days  7  and  8-80  mg/kg  and  days  9  to 

14  ”  100  mg/kg.  The  pharmacological  response  of  the  rats  to  T2636  was 
determined  on  Day  11  to  morphine  on  Day  14.  The  animals  were  killed  and 
liver  mlcrosomes  prepared  on  Day  15.  A  second  group  of  rats  was  given  a 

similar  series  of  injections  of  T2636,  rising  from  20  to  100  pg/kg. 

The  pharmacological  response  of  the  rats  to  morphine  and  T2636  is  shovm 
in  Table  II.  The  time  to  respond,  measured  24  hours  after  the  last  injec¬ 
tion,  was  not  affected  by  pretreatment  with  either  of  the  drugs  for  14  days, 
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The  repeated  administration  of  T2656  completely  abolished  the  effects  on 
the  rats  of  T2636  and  of  morphine.  Similarly^ , treatment  vdth  morphine 

oompletely  abolished  the  effects  of  the  drug  Itself  and  maricedly  reduced 
those  of  12636*  Eaoh  group  of  animc.ls  had  been  made  tolerant  to  both 
T2636  and  moiphine.  Although  the  dose  of  morphine  was  1,000  times  that  of 
T2636  their  effects  were  approximately  the  same  l.e.  T2636  is  2,000  tines 
more  active  than  morphine. 

The  N-demethylatlon  of  both  T2636  and  morphine  was  depressed  in  liver 
microsomal  preparations  from  both  T2636  and  morphine  tolerant  rats  (Table  Hi), 
although  in  the  case  of  the  T2636  tolerant  animals  the  depression  of  T2636 
demethylation  was  barely  slgnifloant  (0.10  >  p  >  O.O5).  The  failure  of 
T2636  to  depress  its  own  metabolism  may  have  been  due  to  the  relatively 
small  amovints  of  the  drug  vrhich  were  administered  slnoe  Coohin  and  Axelrod 
(16)  found  that  the  extent  of  the  depression  of  mlorosomal  activity  in  mor¬ 
phine  tolerant  rats  depended  upon  the  dose  of  morphine  being  injected  at  the 
time  the  animals  vrere  killed  and  not  upon  the  duration  of  treatment  or  the 
oumulatlve  dose.  In  order  to  test  this  hypothesis  five  times  the  dose  of 
T2636,  used  in  the  previous  experiment,  was  given  to  a  group  of  six  rats, 
according  to  the  following  schedule:'  day  1  -  2  x  100  pgAg?  ^7  ^  ** 

2  X  150  pg/kg;  day  3  -  2  x  200  day  4  -  2  x  250  p^^g;  day  5  - 

300  ys/kg;  day  6  -  400  }is/kg  and  day  7  **  300  p^kg*  The  animals  were 
killed  on  the  eighth  day  and  liver  microsomes  prepared.  One  rat  died  after 
the  first  two  injections  but  the  remainder  survived  the  treatment  and  appeared 
tolerant  to  tho  drug,  slnoe  the  catatonic  effect  of  the  last  Injeotion  disap¬ 
peared  within  four  hours  whereas  after  the  first  injeotion  the  rats  were  oata- 
tonio  for  almost  six  hours.  The  rates  of  N-demethylation  of  both  T2636  and 
morphine  by  these  preparations  are  shown  in  Table  IV.  Both  were  depressed 
to  a  hl^ly  slgnifloant  extent  (p  <  0,01 ), 

The  Withdrawal  of  T2636  from  Tolerant  Rats 

24  rats  were  given  T2636  daily  to  a  final  dose  of  500  pgAg>  sooordlng 
to  the  schedule  described  immediately  above  except  that  the  maximum  dose 
was  repeated  on  days  8  and  9*  On  the  tenth  day  the  cmalgesio  effect  of 
T2636  (40  pg/kg)  was  detoxmlned  using  the  Tail  Clip  Test.  All  the  treated 
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TABLB  III 

The  Mloroaomal  N-Demethylatlon  of  T2636  and  Morphine  In 

Tole3fant  Bats 


Group  of 
Bate 

No. 

of 

Bata 

Conpound 

Bate  N-Demethylation 
(pmole/g  liver^^) 

Depreaaion 

of 

Braiethylation 

W 

Slgnifioanoe  of 
the  Depreasion 
of  Demethylation 

6 

Moxphlne 

8.67  -  2.01 

Control 

6 

T2656 

2.11  i  0.69 

- 

- 

T2636 

6 

Morphine 

5.02  i  1.56 

42 

p  <  0.01 

Tolerant 

6 

T2636 

1.45  i  0.44 

29 

0.10  >  p  >  0.Q5 

Morphine 

6 

Morphine 

1.60  i  0.83 

82 

p  <  0.01 

Tolerant 

6 

T2636 

0.93  -  0.12 

56 

p  <  0.01 

TABLB  IV 

The  Mloroacaaal  H~Denethylatlon  of  T2636  and  Morphine  In 
T2636  Treated  Bata 


Compound 

Rate  of  N-Demethylation 
(jimole/g  liver/iup) 

Depreaaion 

of 

Demethylation 

(?S) 

Signifioanoe  of 
the  Depreaaion 
of  Demethylation 

01 

Control 

Bata 

No. 

of 

Bata 

T2636 

Treated 

Rata 

T2636 

6 

1,76  -  0.22 

5 

0.57  *  0.24 

67 

p  <  0.01 

Mozphine 

6 

6.68  -  1.04 

5 

1.93  -  0.62 

71 

p  <  0.01 
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aninalB  were  tolerant  to  T2636  but  none  of  the  controls  roeponded  to  this 
test  (Table  V).  The  oontrol  rats  were  made  fully  oatatonic  and  lay  supine 
in  their  oages  but  the  tolerant  animals  showed  signs  of  excitation  and  hyper- 
aotivity.  Half  the  animals  were  killed  and  nioroscmies  prepared  from  their 
livers.  The  N-demet}ylatlng  aotivl'^  of  the  preparations  frcsa  the  tolerant 
rats  was  reduced  by  about  6}^  towards  T2636.  T26}6  was  abruptly  withdrawn 

from  the  remaining  animals  and  when  they  were  tested  25  days  later  none  of 
them  responded  to  the  Tall  Clip  after  the  test  dose  of  Z2636.  !nie  response 
of  these  animals  was  indistinguishable  from  that  of  the  controls.  The  liver 
mlorosomes  prepared  from  those  rats  N-demethylated  T2636  at  the  same  rate  as 
preparations  from  oontrol  animals. 

In  this  experiment  the  microsomal  preparations  were  stored  frozen  at 
-40®C  for  3  days  before  assay  of  their  T2636  N-demethylating  activity. 
Ejqierimental  and  oontrol  preparations  were  assayed  in  parallel. 

The  Inhibition  of  N-Demethylation  by  Nalorphine 

The  inhibitory  action  of  nalorphine  on  the  N-demethylation  of  morphine 
and  of  T2636  by  liver  miorosomal  preparations  from  normal  rate  is  Illustrated 
in  Figure  1.  The  demethylation  of  both  oompounds  is  inhibited,  although 
nalorphine  is  about  1.5  times  more  potent  an  inhibitor  of  morphine  demethyla¬ 
tion  than  of  T2636  demethylation  in  equi-molar  solutions. 

DISCUSSION 

The  Miorosomal  tietabolism  of  T2636 

The  metabolic  experiments  reported  in  this  paper  were  all  carried  out  Td.th 
the  combined  miorosomal  and  soluble  fractions  of  the  liver  cell  but  it  was 
confirmed  that  the  reaction  was  brought  about  by  the  miorosomal  enzymes  by 
showing  that  it  occurred  v/hon  T2636  was  incubated  vdth  washed  miorosomes  and 
NADPHgi  which  was  used  to  replace  the  NADP  and  NADP-reducing  system  of  the 
soluble  fraction.  There  is  no  doubt  that  the  liver  miorosomal  enzymes 
N-demothylate  T2636  since  the  amount  of  formaldehyde  released  was  quantitatively 
equivalent  to  the  amount  of  secondary  amine  appearing  in  the  solution.  Thus 
T2636  and  morphine  are  metabolised  in  the  same  way  by  the  same  enzyme  system. 
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A  Copparlaon  of  T2636  and  Morplilne 

The  data  presented  In  this  paper  have  established  the  foUotrlng:- 

(1)  The  ohronlo  administration  of  T2636  to  rats  results  in  the 
development  of  tolerance,  l*e.  decreased  pharmaoologioal 
response,  to  both  T2636  and  morphine.  Similarly,  morphine 
tolerant  rats  are  also  tolerant  to  T2636.  However,  the  two 
coapounds  are  not  completely  cross-tolerant  since  the  response 
to  T2636  was  not  completely  abolished  in  animals  vdiloh  were 
fully  tolerant  to  morphine* 

(2)  The  development  of  tolerance  to  either  T2636  or  morphine  is 
acoospanled  by  a  depression  of  the  N-demethylatlng  activity 
of  the  liver  microsomal  ensymes  towards  both  compounds.  The 
extent  of  the  depression  of  the  microsomal  demethylation  of 
T2636  in  T2636  tolerance  depends  upon  the  dose  of  T2b36 
administered,  in  a  similar  way  to  that  found  in  morphine 
tolerance  (16). 

(3)  On  withdrawal  of  T2636  from  tolerant  rats  the  response  of  the 
animals  to  the  drug  and  the  mioroscmal  N-demethylating  activity 
return  to  normal  within  25  days.  Although  the  tine  course  of 
the  recovery  was  not  followed  in  the  experiment  reported  the 
data  fit  in  with  that  of  Cochin  and  Economon  (9)  for  morphine 
withdrawal  from  tolerant  rats.  IBiey  found  that  16  days  after 
withdrawal  the  pharmaoologioal  response  v/as  only  40^  of  the 
control  value,  whereas  the  N-demethylating  activity  of  the 
mlorosomes  had  returaed  to  noiraal. 

(4)  NaloiT)hine  inhibits  the  N-demothylation  of  both  T2636  and 
morphine  by  normal  liver  mlorosomes:  the  demethylation  of 
morphine  is  inhibited  about  1.5  times  as  much  as  that  of 
T2636,  by  equi<Haolar  concentrations  of  nalorphine.  A  detailed 
study  of  the  inhlbitozy  action  of  nalorphine  is  being  mads 

since  the  nature  of  the  iniiibition  (ocmipetltive  or  non-competitive) 
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is  of  fundaaental  importanoe  In  the  assessment  of  the  hypothesis 
put  forward  by  Beokett  et  al  (6)  to  explain  the  swds  of  aotlon 
of  morphine  and  by  Axelrod  (7)  to  suggest  a  neohsnism  for  the 
dsTSlopment  of  toleranoe  to  the  drug*  Ihe  results  of  this 
Investigation  will  be  reported  In  a  later  paper* 

Thus  it  Is  apparent  that  T26}6  and  morphine  have  very  similar  bio<diMiiloal 
and  phamaoologloal  aotivltles  and^  as  Judged  by  the  orlteria  suggested  in 
the  Introduotlony  it  Is  highly  probable  that  they  produce  these  effects  by 
similar  meohanisms*  However ,  T2636  is  500-1 ,000  times  more  active  phazisa- 

oologloally  than  morphine  although  both  confounds  are  N-draethylated  at 
similar  rates  by  the  liver  microsomal  enzymes* 

Thla  dramatic  increase  in  potency  produced  by  the  insertion  of  the 
ethylene  bridge  and  tertiary  alcohol  group  into  the  morphine  molecules  (see 
Appendix)  suggests  that  the  CNS  reoeptor  sites  of  the  analgesic  drugs  may 
contain  a  locus  which  interacts  with  the  polar  alcoholic  grouping,  thus 
increasing  the  specificity  of  the  action  of  T2636*  Beckett  and  Ca^  (17) 
have  suggested  that  the  analgesic  reoeptor  sites  contain  (a)  an  anionic  site 
which  forms  an  ionic  bond  with  the  basic  centre  of  the  drug,  (b)  a  flat 
surface  which  binds  a  flat  aromatic  structure  in  the  drug  by  Van  tier  Waals 
forces  eind  (o)  a  cavity  which  oeui  accommodate  a  projecting  hydrocarbon 
moiety  of  the  drug  molecule  and  thus  confer  a  three-dimensional  specificity 
on  the  interaction  of  drug  and  receptor*  If  the  reoeptor  site  is  extended 
to  include  a  fourth  locus  to  interact  with  the  alcoholic  grouping  then  the 
complete  interaction  of  a  drug  with  the  reoeptor  will  be  very  highly  speoi- 
fio.  Thus  T2636,  which  acts  with  all  four  looi  in  the  site  is  1 ,000  times 
more  active  than  morphine  which  does  not  have  the  tertiary  aloohol  in  the 
7  position  and  hence  only  reacts  with  three  of  the  four  loci*  This  postu¬ 
late  is  supported  by  a  recent  report  by  Bebbington  (l8)  in  which  he  pointed 
out  that  some  of  the  most  potent  analgesics  (nitrobenzamidazole,  ethoxy- 
butamoxane  and  the  reversed  ester  of  pethidine)  contain  a  polar  grouping 
equivalent  to  the  tertiary  aloohol  of  T2636  in  a  similar  spatial  arrangement 
to  the  basic  group  in  the  molecule.  However,  ethoxybutamoxane  does  not 
contain  a  flat  aromatic  ring  in  a  similar  spatial  position  to  that  in  morphine 
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althou^  It  is  a  more  potent  analgeslo.  Tims  the  relatiTe  importanee  of 
the  lool  or  of  different  oomblnatlons  of  loci,  when  only  three  of  the  four 
are  eooupiedy  in  determining  phaxnacologloal  aotivlty  remains  to  be  eluol* 
dated*  The  change  of  the  morphine  moleoule  to  T2636  increases  its  lipid 
solubility,  at  physlologioal  pH,  and  this  nay  be  an  iaqportant  factor  in 
facilitating  the  access  of  the  drug  to  the  receptor  e.g*  by  increasing  its 
penetration  of  llpoidal  membranes*  However,  these  speotilatlons  may  not 
be  assessed  until  more  information  Is  available  about  the  chemical  nature 
and  oytologloal  dlspoaltlon  of  the  CHS  receptor  sites  of  tiie  narcotic 
analgesics* 

The  microsomal  N-^methylating  ensyme  system  does  not  have  the  same 
degree  of  specificity  as  the  CNS  receptors  since  T2636  and  morphine  are 
metabolised  at  sinllai  rates.  However,  the  meohanlsm  which  depresses  the 
mlcrosoaial  N*>demethylating  activity  during  the  development  of  tolerance  has 
a  similar  high  specificity  since  the  dose  of  T2636  required  to  produce  a 
depression  in  activity  is  one  thouscmdth  that  of  morphine* 

Although  the  depression  of  miorosomal  demethylating  activity  and  the 
development  of  tolerance  do  not  occur  in  strict  parallel  (16)  this  work 
emphasises  the  similarities  of  the  tvfo  processes.  Thus  a  study  of  the 
microsomal  N-demethylating  system  may  yield  results  which  elucidate  the 
chemical  nature  of  the  GNS  receptors  of  the  narcotic  analgesics* 


(Sgd. )  D.R.  Davies, 
Head,  Biochemistry  Section. 

(Sgd.)  W.S.S.  Ladell, 

LLADBP  Assistant  Director  (Medical). 
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